It is our task to survey the current concepts of the surgical management of congenital cataract (which is regarded as cataract in infancy and early childhood), and we propose to divide the survey into two parts: a general discussion of the scope of the problem and a more precise description of the surgical methods which are in current use at the Hospital for Sick Children, Great Ormond Street, London.
General Discussion
The most important factors influencing the management of congenital cataract are the morphology of the lens opacities, their bilateral or unilateral nature, and their association with other ocular defects such as anterior segment cleavage disorders, glaucoma, microphthalmos, subluxation of the lens, fundus conditions like optic atrophy and uveitis. The general condition of the child must also be assessed with particular reference to the rubella syndrome, and with regard to such factors as mental retardation and to conditions which are liable to constitute a hazard following general anaesthesia; for example, in cases of homocystinuria there is a grave risk of thromboembolism following operation which may even be fatal.
Bearing these factors in mind, the first two questions which arise when one is faced with a child with a cataract are whether or not surgical treatment should be undertaken, and if so, when.
Type of cataract: If trivial lens opacities such as blue-dot, coronary and sutural cataracts are ex-cluded, there are two common basic forms of congenital cataract, partial and complete. A partial cataract may be defined as an opacity which involves the central portion of the lens, but leaves the peripheral zone clear. Included in this group are nuclear and polar opacities, but the most common form is the lamellar or zonular cataract. The effects which partial and complete cataracts have on visual function are different, and their influence is also dissimilar depending on whether they are unilateral or bilateral. These effects are best appreciated by reference to modern concepts of amblyopia. In the past the term 'amblyopia ex anopsia' has been used in all cases to describe a condition in which a reduced visual acuity occurs in the absence of any detectable anomaly of the fundus on ophthalmoscopical examination, whether it is considered to be the outcome of cortical inhibition (amblyopia of extinction) or of inadequate visual stimulation in early life (amblyopia of arrest). Recently, Von Noorden & Maumenee (1968) have suggested that more suitable terms would be 'functional amblyopia' for the 'amblyopia of extinction' and 'stimulus-deprivation amblyopia' for the 'amblyopia of arrest' so that the term 'amblyopia ex anopsia' is applied only to the second group. In functional amblyopia, prompt occlusion therapy and other appropriate therapeutic measures. carried out with sufficient intensity usually restore normal vision and this supports the suggestion that the term 'amblyopia of extinction' should be replaced by the term 'amblyopia of abeyance' (Lyle & Wybar 1967) , but this does not apply to stimulus-deprivation amblyopia. In some patients, the two conditions may co-exist with a functional amblyopia superimposed on a primary organic anomaly, and the residual defect after occlusive therapy may be termed 'relative amblyopia'. Recent experimental studies by and by , in which newborn kittens were deprived of visual stimulation to one or both eyes during the first three months of life by means of total tarsorrhaphies, may shed some light on the etiology of stimulus-deprivation amblyopia in man, if only by analogy. They found that kittens thus deprived showed clinical evidence of profound amblyopia, and that they also exhibited functional changes in the cortical receptor fields from individual retinal units in the eyes which had been occluded, and histological degenerative changes in the lateral geniculate bodies; relative deprivation of light produced similar though less profound changes. The amblyopia which had been induced in this way could not be significantly reduced by subsequent occlusion therapy. In contrast no such permanent amblyopic changes were produced in similar experiments carried out on adult cats.
These findings suggest that, in the cat at least, early visual deprivation leads not only to an arrest in the normal development of the visual system, but also to secondary and largely irreversible degenerative changes; amblyopia of arrest would appear to be a misnomer. Unfortunately, there is no histological material from the visual system available in cases of stimulusdeprivation amblyopia in man which might substantiate similar pathological changes in the lateral geniculate bodies, but the similarities between the natural history of visual deprivation in early life in man and in the kitten are so marked that it seems reasonable in the present state of knowledge to postulate the occurrence of such changes.
When congenital cataracts are complete and bilateral, insufficient light enters each eye to permit accurate foveal fixation, so that a state of stimulus deprivation ensues and ocular nystagmus appears during the first few months of life. Once the amblyopia and nystagmus are established the vision usually remains poor even following anatomically successful cataract surgery. When the cataract is unilateral, whether partial or complete, the affected eye has poor fixation and becomes densely amblyopic so that a cataract operation in later childhood, even when it is followed by the fitting of a contact lens and by intensive occlusion therapy, seldom produces a satisfactory visual result. When partial cataracts are bilateral, however, the clear peripheral zone of the lens allows a relatively clear retinal image to be formed in each eye in most cases, sometimes aided by the use of a mydriatic; nystagmus does not develop, there is little or no amblyopia and the functional result is good following cataract surgery at whatever age it is carried out. It is reasonable to wonder why a partial uniocular cataract fails to provide a similar result, and it is likely that it follows the failure of the eye to develop fixation because of an absence of any significant visual reward from its use as compared with the use of the unaffected eye; certainly it cannot be the result simply of 'stimulus deprivation'.
These clinical findings, in conjunction with the results of experimental occlusion in kittens, infer that the critical period in visual development (including the development of foveal fixation) occurs during the first three or four months of life and it therefore seems logical to suggest that in the presence of bilateral complete cataracts, surgery on one eye at least should be carried out before the end of that period in order to prevent the establishment of loss of fixation, irreversible amblyopia and nystagmus. This is rather earlier than has customarily been recommended, but despite the added technical difficulties of operating in the presence of a shallow anterior chamber it seems the wisest policy to pursue. In the case of unilateral cataract, whether partial or complete, it is only by very early surgery, followed by the provision of a contact lens and appropriate occlusion therapy, that any chance is provided of obtaining good vision in the aphakic eye and ultimately some form of fusion. Any delay is likely to achieve only an improvement in peripheral vision and the removal of an unsightly blemish from the pupillary area. Of course, in view of the long-term complication of aphakic retinal detachment in a significant number of cases it is not universally accepted that surgical treatment of a unilateral cataract is desirable, but when a decision is made to operate then it should be done early in order to try and achieve a satisfactory visual result.
In cases of bilateral partial cataract without amblyopia and nystagmus, the wisest course would seem to be to minimize the obstruction to clear vision by the long-term use of mydriatics in early life or possibly by the fashioning of an optical iridectomy in selected cases, and to delay cataract surgery until the age of 4-6 years, by which time the child is able to provide accurate responses to subjective tests of visual acuity. If the visual acuity at that age is less than 6/18 with both eyes together, then surgery is usually advisable, although it may be expedient sometimes to delay operation for an even longer period provided there is a good level of close reading vision, even in the presence of a distance visual acuity of as little as 6/36, because of the evidence that the best visual results are obtained when the operation is delayed as long as possible (Ryan et al. 1965 ). Long-term mydriatics and steroids.
Live intraocular virus
Virostatic agents
These general therapeutic principles apply to uncomplicated cases and we cannot here discuss in detail the ways in which they should be modified in the presence of additional ocular or general pathology, except in the case of the rubella syndrome. It is common experience that rubella cataracts carry a worse visual prognosis than uncomplicated cataracts; a recent survey (Scheie, Schaffer, Plotkin & Kertesz 1967) recorded the occurrence of post-operative complications in nearly 45 % of rubella cases as compared with a figure of only 5 % in a series of congenital cataracts which were not the result of rubella (Scheie, Rubenstein & Kent 1967) . The principal cause of this poor prognosis is a severe and persistent post-operative uveitis which often assumes the form of an endophthalmitis in addition to the intense anterior uveitis which leads to the formation of extensive posterior synechim, with the attendant risk of a pupil-block glaucoma, to the formation of peripheral anterior synechiae and in many cases to what appears on superficial examination to be a thick persistent posterior capsule but which is in reality an inflammatory retrolental membrane. The exact cause of this prolonged inflammation is not known with certainty but, as shown by Dudgeon (1969) in this present discussion, there is evidence of virus activity within the lens until well into the second year of life. It might, therefore, be advisable to pQstpone cataract surgery in rubella cases until the age of at least 18 months when the virus is no longer likely to be active within the eye, and this would seem to be particularly important in cases where there is a significant degree of microphthalmos, because of technical difficulties due to the limited size of the anterior segment of the eye in the early months of life. On the other hand, from what has already been said, it is clear that such a postponement of the operation may result in the establishment of an intractable amblyopia. It may, therefore, be expedient to operate at an early age on one eye in a bilateral case, but the operation on the second eye should be delayed until the age of 18 months when the first operation is followed by an adverse reaction of the eye. It may also be legitimate to operate at an early stage in a uniocular case because this offers the only chance of obtaining a restoration of useful central vision, but each case should be assessed carefully on its own merits.
In any event all cases of rubella cataract must be treated with great care in the post-operative phase, irrespective of the time of the operation, in order to maintain a reasonable dilatation of the pupil (which is notoriously difficult to achieve in the rubella syndrome even before operation) and to minimize the inflammatory response by the prolonged use of topical and sometimes systemic steroids.
These general observations are illustrated in Table 1 .
A Surgical Method
The surgical treatment of congenital cataract is a complex and difficult subject, and it is obvious that the multiplicity of methods which have been advocated, quite apart from the discrepancies in the timing of the operation (as discussed above), are indications that there is no single regime which is generally accepted as being ideal in all cases. It is perhaps appropriate, therefore, to indicate precisely the technique which is advocated at present at the Hospital for Sick Children, Great Ormond Street, and to state the reasons for adopting certain procedures.
The operation is performed under general anesthesia. A superior rectus traction suture is inserted at the beginning of the operation, and a speculum is used to keep the eyelids apart. An adequate dilatation of the pupil is achieved before the operation by the use of atropine 1 % and cyclopentolate 1 % drops, but if necessary mydricaine is injected subconjunctivally; this applies particularly to the rubella cases. Stage 1, a wide anterior capsulotomy is carried out with a Ziegler needle A discission needle is inserted into the anterior chamber on the scleral side of the limbus at 8 o'clock in the right eye (Fig 1) and at 4 o'clock in the left eye and the anterior capsule is opened widely by a cruciate incision so that some of the lens matter is usually brought forwards through the opening of the anterior lens capsule into the anterior chamber. A strictly corneal keratome incision is then made in the 12 o'clock position which is sufficiently large to permit the entry of a lacrimal cannula into the anterior chamber and at the same time to permit the exit of the lens material from the anterior chamber. It may be questioned whether it is necessary to make two separate openings into the anterior chamber, but there are certain advantages in adopting this procedure: (1) It is easier to make a sufficiently large opening of the anterior lens capsule when the anterior chamber is more or less intact, particularly when the anterior chamber is small and shallow as the result of an associated microphthalmos.
(2) The discission opening is often of value in facilitating the removal of the lens material, as discussed below. Sometimes, of course, the anterior chamber is lost to some \ l Ji X,,/ Fig 2 Congenital cataract operation, right eye. Stage 2, the anterior chamber is reformed via the capsulotomy incision and an upper corneal keratome incision is fashioned extent during the discission or after the removal of the discission needle, and this obviously increases the difficulty of making a carefully controlled keratome opening, but this is overcome readily by the assistant who reforms and maintains the anterior chamber with saline through a fine cannula which enters the anterior chamber by way of the discission opening during the keratome section (Fig 2) .
The lens material is irrigated thoroughly by way of the keratome opening using a lacrimal cannula (Fig 3) with care to avoid raising the pressure of the fluid in the anterior chamber beyond a level which is liable to cause a rupture of the posterior capsule of the lens or to damage the corneal endothelium. Sometimes it is difficult to irrigate all the particles of lens material from the eye by this method, particularly when the lens material is trapped within the upper part of the lens capsule, and in such cases the irrigation is carried out simultaneously through the keratome and discission openings (Fig 4) . At the end of the operation the anterior chamber is reformed with saline, and this is sometimes achieved more readily through the discission opening than through the keratome incision. The iris usually assumes its normal position simply by reforming the anterior chamber, but if necessary an iris repositor is used to restore the pupil to its normal shape. The small corneal incision is self-sealing and is not sutured. It might be argued that the failure to carry out an iridectomy increases the likelihood of developing a pupil-block type of secondary glaucoma after the operation, but in our experience this has been avoided by ensuring a thorough removal of the lens material and by achieving an adequate 34 I------. It is evident that this technique has several distinctive features: it is designed to complete the cataract operation in one stage by a removal of as much as possible of the lens material (although sometimes a second operation is necessary if there is a thickening of the residual lens capsule), it leaves the pupil intact with only a very minimal risk of the development of an anterior synechia to the keratome incision, or of peripheral anterior synechix or of posterior synechite, and it avoids any damage to the posterior capsule of the lens so that there is little or no forward displacement of the vitreous. It is interesting that these features fulfil the criteria of the ideal operation for congenital cataract as laid down some years ago by Cordes (1951) , and endorsed more recently by Girard (1967 . The reasons for this are not clear. This paper presents data to illustrate how virus studies can contribute to the management of these cases.
The diagnosis of congenital rubella cataracts can usually be made on clinical grounds and on the history of maternal rubella. Cataracts, often bilateral, are a well-known sequel to rubella in the first trimester and are usually associated with other rubella defects. A precise diagnosis may be difficult, however, as subclinical infection in the mother can lead to ftrtal damage; cataract may occur without other observable defects, and rarely may be the sole stigma of feetal infection; and cataracts may not be apparent at birth. Since the isolation of rubella virus in 1962, laboratory techniques have been developed which are of special value in the diagnosis of congenital rubella. Laboratory confirmation can be made by the isolation of rubella virus from the nasopharynx, urine or cataractous lens tissue (Cooper & Krugnan 1967 ) and by the demonstration of high levels of rubella antibodies in the blood (Dudgeon et al. 1964) . A further test of value in the early months of life is to estimate the level of IgM in the infant's serum (Soothill et al. 1966 , Hayes et al. 1967 as the rubella antibody at birth is largely contained in the IgM fraction (Alford 1965).
We have used these procedures during the period 1963-8 to study 83 cases of congenital cataract which have been referred to us. The findings are summarized in Tables 1 and 2. In the 83 cases investigated, which included 32 cases seen at Great Ormond Street, we found a close correlation between the presence of rubella antibody in children with congenital cataract and other defects, e.g. heart disease and deafness, which are commonly encountered in congenital rubella. The antibody titres in the older children aged 6-12years were of the same order as in the younger group, but whether this antibody resulted from intrauterine infection or from subsequent exposure after birth is not known. In Table 2 are shown details of 18 cases without rubella antibody. These include the 10 cases shown in Table 1 .
